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@ An antenna selection dh^ersity reception system. 



An antenna selectton diversity receiver system for TDM receive signal switches antennas (1.2) for 
every assigned time slots so that the best receive signal quality is obtained in sakl assigned time slot 
according to the prediction by using the signal quality just before sakl assigned time slot The 
prsdictton of signal quality is carried out according to the receive le^ (Ri. R?). and the slope of ttie 
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same of each of tfie antennas just before the assigned time slot S aid signal qualr^ may be average code 
error rate, receive level at the center of the assigned slot, or the minimum receive level in the assigned 
slot The predictk>n is carried out either ttvough linear prediction or non-linear predictk>n. B ecause of 

jMnftflfcti^n nf rg«>t\^e-Sigpal quality b y. using the infamy ^ tion befora each gggignftj flnfT*^ /^"^^ 

s witching of an antenna for every assigned slots according to the pred ictfon, an excell ent receive sig nal 
q ualit y i s obt ained by an effect of diversity system even in high rate fading. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a diversity receiver system, in particular, relates to an antenna selection 
diversity receiver system for overcoming fading in radio communication system. 

5 In radio communication system, receive level is subject to change because of fading, and the decrease of 

receive level causes the deterioration of signal quality. In order to solve that problem and to provide stable and 
high quality information transmission, a number of diversity techniques have been proposed. In particular, an 
antenna selection diversity reception system is considered to be promising for a mobile telephone system in 
which a miniaturized receiver set with low power consumption is essential. 

10 Rg.10 shows a prior antenna selection diversity receiver for 3 channels TDM system (time division mul- 

tiplex). That kind of prior art is shown in IEEE Global Communication Conference 1988, entitied "Performance 
of a novel selection diversity technique in an experimental TDMA system for digital portable radio communi- 
cations", pages 26.2.1-26.2.5. In the figure, the numerals 1 and 2 are receive antennas, 3 is a selection switch, 
4 Is a receh^er/demodulator, 5 is a frame synchronization circuit, 6 is an antenna selection circuit, 6-1 is a timing 

IS circuit, 6-2 is a switch control circuit, 6-3 is a receive level measurement circuit, 6-4 and 6-5 are sample hold 
circuits, and 6-6 is a comparator. 

The signal A1 In the antenna 1 and the signal A2 in the antenna 2 are switched by the selection switch 3. 
and the selected signal A1 or A2 is applied to the receiver/demodulator 4, which demodulates the receive signal. 
The demodulated signal is applied to the frame synchronization circuit 5 for the frame synchronization. The 

20 antenna selection circuit 6 receives the frame timing signal from the frame synchronization circuit 5, and rec- 
ognizes the receive timing of an assigned burst slot to its own receive station. The selection switch 3 is switched 
just before that beginning of the signal burst slot of its own station so that the receive levels on two antennas 
are compared. 

Fig.1 1 shows a switching process in the prior art, in which (a) shows a frame staicture of a receive signal, 

25 which is TDM signal with three channels in each frame. In the embodiment, the third burst in each frame is the 
time slot assigned to the own station. The timing circuit 6*1 forwards a receive level measurement circuit 6-3 
a trigger signal at time ti which is just before the beginning of the assigned time slot so that the receive level 
Ri at the antenna 1 is kept In the sample hold circuit 6-4. Then, the switch control circuit 6-2 switches the selec- 
tion switch 3 to the other antenna 2 so that the receive level Rz at the antenna 2 at time t2 \s kept in the sample 

30 hold cirojit 6-5. The comparator 6-6 compares Ri with Rj. The switch control circuit 6-2 selects the antenna 
which provides the higher receive level according to the result of the comparison, and keeps the switch 3 to 
receive the assigned time slot according to said comparison result 

For Instance, assuming that the receive level in the antennas 1 and 2 changes as shown by the curves CI 
and C2 in Fig. 1 1 (b), the switch control circuit 6-2 forwards the selection signal as shown in Fig.l 1 (c), in which 

35 the curve (1) indicates the selection of the antenna 1, and the curve (2) shows the selection of the antenna 2. 
Ri Is the level on the curve CI just before the assigned time slot when the antenna 1 is selected, and Rz is the 
receive level on the curve C2 just before the assigned time slot when the antenna 2 is selected. As the level 
relations Ri>R2 is satisfied at time tt (orts) just before tiie assigned time slot, the antenna 1 is selected for receiv- 
ing the assigned burst signal. The receive level is compared before each assigned slot, and an antenna which 

40 provides the higher receive level is selected so that the receive level applied to the receiver/demodulator 4 is 
kept high to prevent data error. 

However, said prior art has the disadvantage that littie diversity effect is obtained when fading rate is high, 
or the receive level changes rapkily. When the receive level changes after the levels Ri and R2 are measured 
at time ti or tj, the selected antenna does not provide the higher receive level. 

45 Fig.1 1(d) and Ftg.11(e) show the above situation. When the receive levels of the antennas 1 and 2 change 

as shown in the curves CI and C2 in Rg.1 1(d). the relations Ri>R2 are satisfied at time ti and tz, and therefore, 
the antenna 1 Is selected for receiving the assigned burst signal. However, after the antenna is switched, the 
receive levels are reversed, and the selected antenna provides the lower receive signal. In that case, an error 
rate is not Improved by an antenna selection diversity systenrt. 

50 As mentioned above, a prior system is not useful when fading rate is high. 

SUMMARY OF THE INVENTION 

It Is an object, therefore, of the present invention to provide a new and improved antenna selection diversity 
65 receiver system whk:h overcomes the disadvantages and Iknitations of a prior art 

It is also an object of the present invention to provkie an antenna selection diversity receiver system which 
follows rapid fading rate. 

The above and otherobjects are attained by an antenna selection diversity receiver svstemf orTDM receive 
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signal comprising; a pluraiity of antennas; a selection sw itch for selecting one of said antennas; a 
receiver/demodulator coupled with the selected antenna through said selection switch for providing demodu- 
lated receive signal and receh^e level; a frame synchronization circuit coupled with output of said 
receiver/demodulator for effecting frame synchronization of TDM signal; an antenna selection circuit coupled 

5 with output of said receiverfdemodulator for receiving said receive level, and coupled with said selection switch 
for controlling said selection switch; wherein said antenna selection circuit comprises; a timing circuit coupled 
with said frame synchronization circuit for finding beginning of assigned time slot; first st(»age nrteans for storing 
receive level of each antenna just before said assigned time slot; slope means for providing slope of said receive 
level of each antenna; second storage means for storing output of said slope means; prediction means for pre- 

10 dieting receive signal quality of each antenna in said assigned time slot according to said receWe level and 
said slope by using output of said first storage means and said second storage means; and a switch control 
circuit coupled with said timing circuit and said prediction means for switching said selection switch just before 
beginning of said assigned time slot for every assigned slots so that an antenna providing the best predicted 
receive signal Quality in assigned time slot is selected , 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and attendant advantages of the present invention wfll be 
appreciated as the same become better understood by means of the following description and accompanying 
20 drawings wherein; 

Ftg.1 is an operational flow chart of the first embodiment according to the present invention, 

Fig^ is a block diagram of an antenna selection diversity receiver of the first emtxsdiment according to the 

present Invention, 

Ftg.3A shows the operation of the antenna selection in the first embodiment of the present invention, 
25 Fig.3B shows the modification of Fig.3A, 

Fig.3C shows another modification of Rg.3A, 

Fig.4 shows the transient response of a difTerentiation circuit, 

Fig.5 is an operational flow chart of the second embodiment according to the present invention, 
Flg.6 is a block diagram of an antenna selection diversity receiver of the second embodiment according 
30 to the present invention, 

Fig.7A shows the operation of the antenna selection in the second emt)odlment of the present Invention, 
Flg-7B Is the modification of Rg.7A, 

Flg.8 is a block diagram of an antenna selection diversity receiver of the third embodiment of the present 
invention, 

35 Fig.9 shows the curves showing the effect of the present invention, 

Fig.10 is a block diagram of a prior diversity receiver, and 
Fig.11 shows operation of the antenna selection in the prior art 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

Fig.1 shows an operational flow chart of the first embodiment of the present invention, and Fig^ is a block 
diagram of the receiver according to the present invention. The same nunierals in Rg^ as those In Rg.10 show 
the same members. The numeral 7 in Rg.2 Is an antenna selection circuit, 7-1 Is a timing circuit. 7-2 Is a switch 
control circuit, 7-3 is a receive level measurement circuit, 7-4 is a receive level differentiation circuit, 7-5, 7-6, 
45 7-8 and 7-9 are sample hold circuits, 7-7 Is a differentiation circuit, and 7-10 is an error prediction circuit 

The receive signal on the antenna 1 or 2 is applied to the receiver^demoduiator 4 through the selection 
circuit 3. The demodulated signal In the receiver/demodulator 4 is applied to the frame synchronization circuit 
5 for the frame synchronization. 

The antenna selection circuit 7 detennines the assigned burst timing of the own station according to the 
50 frame timing signal from the frame synchronization circuit 5, and switches tiie selection switch 3 Just t>e1bre 
the beginning of the assigned slot so that the receive levels and the differentiating coeffedents of two antennas 
are measured. 

Fig.3A shows the operation of the antenna selection. Rg.3A(a) shows the frame structure of a receive sig- 
nal, and is the same as Rg.11(a). The 8ymt>ol S1, S2 and S3 show slots in the frame, and it Is assumed In the 
55 present embodiment that the slot S3 is the assigned slot, and S1 and S2 are other slots of other channels. 

The timing circuit 7-1 sends the receive level measurement circuit 7-3 a trigger signal at time t^ which is 
just before the receive timing of the assigned time stot S3 so that the receive level Ri by the selected antenna 
1 at time tt Is kept in the sample hold circuit 7-i5. Simultaneously, the trigger signal is sent to the recehre level 
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differention circuit 7-4 so that the differentiating coefficient dRi which is obtained by differentiating the receive 
level of the antenna 1 by the differention circuit 7-7 is kept in the sample hold circuit 7-8 ( 102 in Rg. 1 ). 

It should be appreciated that the receive levels Ri and R2 just before the assigned burst slot concern the 
recehre signal of the time slot S2, which differs from the assigned time slot S3. Anyway, the receive level in 

5 another time slot S2 is sufficient to predict the signal quality in the assigned time slot 

Then, the switch control circuit 7-2 switches the selection switch 3 to the other antenna 2 so that the receive 
level R2 and the differentiating coefTtctent dRz at time t2 are kept in the sample hold circuits 7-6 and 7-9, re- 
spectively (104 in Fig.1). The measured four values Ri, R2, dRi and dR2 are applied to the error rate prediction 
circuit 7-10, which predicts the recehre level and the error rate in the assigned time slot S3. For instance, when 

10 the receive level of the antennas 1 and 2 change as shown In the curves CI and C2 in Fig.3A{b), the differen- 
tiating coefficients of the receive levels CI and C2 are shown by the curves D1 and D2 in Fig.3A{c). 

The predicted receive levels n and r2 of each of the antennas, and the average error rates Ei and E2 of 
each of the antennas in the assigned time slot S3 which follows the measure time ti and t2 are predicted as 
follows by using tiie values Ri, R2. dR^ and dR2 (106 in Fig.1). 

IS rKt) = R| + dRKt-tO(i = 1,2) (1) 



20 



E. = 



P^.tr.ldt 



(i=l,2) 



(2) 



where ^ and tf are beginning time and end time of the assigned time slot S3, respectively, and PeJr] is the error 
rate when the receive level is r. 
25 For instance, when the differential encoded QPSK signal is detected through differential detection process, 

the theoretical error rate is; 

PJr] =Jexp[-rtt)/rol (3) 

where ro ts the receive level which provides the normarized signal to noise ratio (Et/No) to be equal to 1 at an 
30 input of a detector, where Eb is recehre power for each signal bit, and No is noise power density. 

The values ri , r2, Ei and E2 are predicted according to the above equations, and in the present embodiment, 
E|>E2 Is obtained as shown in RgA.3(d) and FigA.3(e) (108 in Rg.1). The predicted error rate is applied to the 
swftdi control circuit 7-2, which selects the antenna 2 which provides the lower error rate, as shown in Fig.3A(f) 
(1 12 in Rg,1). Thus, the error rate when the assigned burst signal is received is kept low. The antenna 1 would 
35 be selected when E^^ E2 is satisfied. 

When the receive operation in the assigned time slot S3 finishes (1 14 in Fig.1 ), the operation retums to the 
box 102 in Rg.1 so that the similar operation is repeated for the succeeding frames. 

It should be noted that that as the assigned slot is S3 in the present embodiment the measurement is car- 
ried out during the slot S2 which is just before the assigned time slot When the assigned time slot is S2, the 
40 measurement is of course carried out during the slot 31 which is just before the assigned time slot 

The curve of the receive level in Fig.3A(b) is the same as ttiat of Rg,1 1 (d). In tiie prior art of Rg.1 1 (d), the 
antenna 1 is selected, and therefore, the error rate in the assigned burst timing is high. On the other hand, as 
the present Invention selects the antenna 2, the low error rate Is obtained. 

As mentioned above, according to the above embodiment, the antenna is selected according to the pre- 
45 dieted average error rate of each of the antennas calculated by using the receive level and the differentiating 
coefficient of the receive level of each of the antennas. Therefore, the antenna whi<^ provides the lower error 
rate in the assigned burst timing is selected even when the receive levels are reversed after the receive levels 
(Ri, R2) are measured. Thus, the effect of the diversity reception is improved. 

Flg.3B shows the nKxllflcation of the embodiment of Rg.3A« and the same numreals in Fig.3B show the 
so same memt>ers as those in Rg.3A. The feature of Rg.3B is that the antenna is selected so that the recehre 
level at the center of the assigned time slot or the average receive level during the slot Is higher than that of 
the other antenncu 

The recehre level (Mi, M2) at the center of the assigned time slot by each antenna is as follows. 

M, = R, + dRK(t. + t^)/2-t,)(i = 1 or2) (2A) 
ss M| also presents the average receive level duririg the assigned time slot The above equation (2A) is used for 
tiie selection of the antenna, instead of the equation (2). It should be noted in Rg.3B that the receive levels Mi 
and M2 are predicted on the assumption that the receive level changes lineariy. 

Rg.3C shows another modH^tion of the embodiment of Fig.3A, and the same numerals in Fig.3C show 
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55 



the same members as those in Fig.3A. The feature of the F!g.3C is that the antenna is selected depending upon 
the minimum receive level during the assigned time slot S3 so that the minumum receive level of the selected 
antenna is higher than the minumum recehre level of the other antenna. 

The minimum receive level for the antenna 1, and the minimum receive level La for the second antenna 
2 are predicted as follows. 



= + dR^(tg - t^) (dR^^O, i=l or 2) ^ (jB) 

" ^ dR^(tj - t^) (dR^<0, i=l or 2) 



in three modifications in Rg.SA. Fig.SB and Fig.SC, the antenna 2 is selected in the assigned time slot S3. 
Next, the transient response of a dKferentiating circuit is discussed. 

15 Figs.4(a) and 4(b) show the same signal levels as those of Figs.3A(a) and 3A(b). The thick lines in Fig.4(a) 

and Rg.4(b) show the receive level provided at the output of the receiver/demodulator 4 in FigJZ, and the dif- 
ferentiated value provided at the output of the differentiating circuit 7-7, respectively. When the antennas are 
switched from the antenna 1 to the antenna 2 between the time ti and the time ta, the receive level at the output 
of the selection switch 3 has the uncontinuous step by the level (R2-R1). Because of that step of the receive 

20 level, the differentiating waveform of the receive level has the transient response I in the fbnm of negative 
impulse as shown in Fig.4(b}. Although the transient response converges In a shorttime, the difTerentiating coef- 
ficient dR2 measured Just after the switching must include not only the desired differentiating coefficient dR2 
but also said transient response. When the transient error is large, the measured values of r2 and E2 in the equ- 
ations (1) and (2) must also have the large error, and the correct antenna selection is Impossible. The larger 

25 the value (Rz-Ri) is, the larger the transient error is. As the transient error becomes small when the duration 
t)etween the switching time and the measurement time t2 is long, it would be preferable to take t^-ti longer. How- 
ever, when that time t2-ti Is too long, the error rate Ei which is predicted by using dRi at time ti would have 
large error since the value dR<, itself would change until the assigned burst slot time due to rapid fading. 

Frgs.5 and 6 show the second embodiment of the present invention for overcoming the above problem. 

30 Fig.5 shows the operational flow diagram, and Rg.6 shows a block diagram of a receiver. In Fig.6. the numerals 
7-2, 7-3, 7-5 and 7-6 are the same as those in Fig^ and 7-1 1 is a timing circuit and 7-12 is a receive level 
difference measurement circuit The numerals 7-13 and 7-14 are sample hold circuits, 7-15 and 7-16 are sut>- 
tractors, and 7-17 Is an error prediction circuit The feature of the embodiment of Rg.6 is to measure the receive 
level twice for each antenna, instead of -the use of a differentiating circuit The difference of two measured 

35 receive levels is used instead of the differenting coefficient 

Fig.7A shows the operation of the antenna selection in the second embodiment Ftg.7A(a) shows the frame 
structure, which is the same as that of Rg.3A(a). The timing circuit 7-11 forwards the receive level difference 
measurement circuit 7-12 a trigger signal at time ts which \s a little before the beginning of the assigned burst 
signal so that the receive level R3 at time ta in the antenna 1 is kept in the sample hold circuit 7-13. Then, the 

40 switch control circuit 7-2 switches the selection switch 3 to the other antenna 2 at time ti which is Immediate 
after the time ta so that the receive level R4 in the antenna 2 is kept in the sample hold circuit 7-14. Next the 
antenna 1 is connected again, and the receive level R^ in the antenna 1 at time tt is kept in the sample hold 
circuit 7-5. Rnally, ttie antenna is again switched to the antenna 2. and the receive level R2 in the antenna 2 
at time t2 Is kept in the sample hold circuit 7-6. Thus, four receive levels R^ through R4 are obtained as shown 

45 in Fig.7A(b) (1 52 in Rg.5). 

The receive level difference measurement circuit 7-12 calculates the differences ARi (^Ri-Ra). and AR2 
(=R2-R4) for each of the antennas by using tiie subtracters 7-15 and 7-16 (154 In Fig.5). The error prediction 
circuit 7-1 7 predicts the receive levels ri and r2 for each of the antennas in the assigned time slot by using above 
values Ri, R2, ARi and AR2 as follows. 



AR. 

r^(t) = Ri + (t-t.) (i=l,2) (4) 

i i+2 

The values r^ and r2 thus obtained are shown in Fig.7A(c). and those values are used for providing the error 
rates Ei and E2 in the equation (2), and the results are shown in Fig.7A(d) (156 in Rg.5). As Ei>E2 Is satisfied 
in Flg.7A(d) (168 In Rg.5), the switch control circuit 7-2 selects the antenna 2 as shown In Rg.7A(e) (162 in 
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Rg.5). If Ei^2 is satisfied, the antenna 1 is selected (1 60 in Rg.5). Thus, the average error rate at the assigned 
time slot is kept low. 

When the receive operation in the assigned time slot S3 finishes (164 in Ftg.5), the operation returns to 
the box 152 in Rg.5 so that the similar operation is repeated for the succeeding frames. 
5 It should be appreciated that the concept of Fig.7A which uses a subtracter instead of a differentiation circuit 

may be combined with the concept of Fig.3B which uses the receive level of each antenna at center of an assig- 
ned slot, and/or the concept of Rg.SC which uses the minimum receive level of each antenna as criteria of the 
selection of antennas. 

When the concept of Fig.7A is combined with the concept of Rg.SB, the receive level M| of each antenna 
10 (1=1 or 2) at the center of the assigned slot is calculated as follows. 



IS 



20 



^ AR>[(t3^t^)/2-tj 



M. = R. -I % ^, ^ (1=1,2) (4A) 

^ ^ ^i+2 

When the concept of Ftg.7A is comb ined with the concept of Fig.SC, the minimum receive level Lf in the assigned 
slot is predicted according to the following equation. 

I.. = + 1 ,v — {AR.>0) (1=1.2) 

^ ^ ^1 1+2 



25 ^1 <^f-^l> 

L,. = R. + 2 i (ZiR.<0) (1=1,2) 

^ ^ 1 1+2 ^ 



(4B) 



Fig.ZB shows the modification of Rg.TA, and the feature of the modificatfon of Rg.7B is to measure the 
30 receive level more than three times for each antenna, and the prediction of the receive level In an assigned 
slot is carried out non-lineariy, while the embodiment of Rg.7A predicts the receive level in the assigned time 
slot lineariy. 

In the modification of Fig.7B, the measurement of receive level is carried out three times for each antenna, 
and the receh^e levels R3, R5 and Ri are obtained for the antenna 1, and the receive levels R4, Re and R2 are 
35 obtained for the antenna 2. The receive level ri for the antenna 1 in an assigned slot, and the receive level r2 
for the antenna 2 in an assigned slot are predicted by using those measured receive levels. In case of three 
measured values, the predicted curve is quadratic. The average error rate is then calculated by using the 
equation (2), and the antenna selection is carried out so that the antenna which provides the lower average 
error rate is selected. 

40 It should be appreciated of course that the concept of Fig.7B may be combined with the concepts of Rg.SB 

and/or Rg,3C, In other words, the criteria of the selection of the antennas may be the receive level at the center 
of the assigned time slot of each antenna predicted by using more than three measured receive levels, and/or 
the minintum recieve level in the assigned burst slot predicted by using more than three measured receive 
levels. 

45 F^.8 is a block diagram of the third embodiment of the present invention. The feature of Fig.8 is that the 

main portion of the embodiment of Rg.6 is implemented by digital circuits. In Fig.6 embodiment, the receive 
levels Ri through R4 are kept In four sample hold circuits, on the other hand, in Rg.8 embodiment, a single A/D 
converter 7-1 9 measures the receh^e levels atttmes t^ through tifburtimes, and the measured values are stored 
in four registers 7-20 through 7-23. 

so The registers 7-20 and 7-21 provide the receive levels Ri and R2, respectively, and the digital subtracters 

7-24 and 7-25 calculate the receive level differences ARi and AR2- Therefore, the receive level measurement 
circuit 7-18 in Rg.8 is equivalent to the receive level measurement drcuit 7-3 and receive level difference 
measurement circuit 7-12 in Rg.6- The circuit 7-18 in Rg.8 provide the values R,, R2, ARi, and AR2 in digital 
fonm. The average enor rates Ei and E2 are predicted as is the case of Fig.6, and the antenna which provides 

65 the lower error rate is selected. The error rate prediction circuit 7-17 receives Ri, R2, ARi and AR2 in quantized 
digital form each having n bits. For example, the error rate predictkm circuit 7-1 7 can be implemented by a ROM 
(read only menrK)ry), which has address input terminals with 4n bits, and each address of the ROM stores the 
result of the comparison of Ei and E2. The embodiment of Rg.8 implements the process of Ri through R4. Ei 
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and E4 in digital form, and therefore, the circuit is implemented easily by using an IC. 

The digital subtracters 7 -24 and 7-25 may be removed rf the error rate prediction circuit 7-17 cam'es out 
the function of those subtractors. In that case, the error rate prediction circuit 7-17 recehres Ri through R4 in 
quantized digital form. For Instance, when through R4 are applied to 4n bits of address terminals of a ROM, 
5 which stores the result of the comparison of Ei and E2 corresponding to each input values, the error rate pre- 
diction circuit 7-17, and the subtractors 7-24 and 7-25 are implemented by a single ROM. 

It should be appreciated that the present invention is appiicabie to a diversity receiver which has more than 
three antennas, although the above embodiments have two antennas. When there are more than three anten- 
nas in the embodiment of Fig.2, the calculation of the equations (1) and (2) is carried out for each antenna, 
10 and the antenna which provides the lowest emr rate Is selected. In case of the embodiment of Ftg.6 or Rg.8, 
the receive level for each antenna is measured twice, and the calculation of the equation (4) is carried out for 
each antenna, and the result is inserted into the equation (2) so that the antenna which provides the lowest 
average error rate is selected. 

It should be appreciated of course that the concept of a digital circuit is appiicabie to not only to the embo- 
15 diment of Rg.6, but also to any one of the at>ove embodiments and nrtodifications. 

Fig.9 shows the simulated performance curve which shows the effect of the present invention. In the figure, 
the horizontal axis shows the fading frequency in Hz, and the vertical axis shows the diversify gain in dB, which 
is defined to be the input level difference between a diversify receiver and an ordinary (not diversify) receiver 
for pro\Hding an enror rate of 1 %. The solid line in Rg.9 shows the curve of the present invention, and the dotted 
20 curve shows that of the prior art of Fig.10. As apparent in Rg.9, the diversify gain of the present invention ts 
always higher than that of the prtor art in any fading frequency. 

As mentioned above, according to the present invention, an antenna diversify receiver which provides an 
excellent diversity effect in high fading rate is obtained. Therefore, when a receiver is mounted on a moving 
mobQe, an excellent diversify effect is obtained, and therefore, the present invention may be used in many 
25 moble communication systerr>s. The reception capabilify of a receiver is knproved considerably by using the 
present invention. 

The present invention may replace a conventional diversify receiver which has two receivers selected at 
the output of detectors, and in that case, a receiver may be improved in size, and power consumption, since 
the present invention uses only one receiver. 
30 From the foregoing, it will now be apparent that a new and improved antenna diversify system has been 

found. It should be understood of course that the emt>odtments disclosed are merely illustrative and are not 
intended to limit the scope of the Invention. Reference should be made to the appended claims, therefore, rather 
than the specification as indicating the scope of the invention. 

35 

Claims 

(1) An antenna selection diversify receiver system for TDM receive signal comprising; 
a pluralify of antennas, 

40 a selection switoh for selecting one of said antennas, 

a receiver/demodulator coupled with the selected antenna through said selection switoh for providing 
demodulated receive signal and receive level, 

a frame synchronb:ation circuit coupled with output of said receiver/demodulator for effecting frame 
synchronization of TDM signal, 
45 an antenna selection circuit coupled with output of said receiver/demodulator for receiving said receive 

level, and copuied with said selection switoh for controlling said selection switch, 
said antenna selection circuit comprising; 

a timing circuit coupled with said frame synchronization circuit for finding beginning of assigned time slot, 
first storage means for storing receive level of each antenna just before said assigned time slot, 
so slope means for providing slope of said recehre level of each antenna, 

second storage means for storing output of said slope means, 

prediction means for predicting receive signal qualify of each antenna in assigned time slot according 
to said receive level and said slope by using output of said first storage means and said second storage means, 
and 

55 a switch control ctrcuit coupled with said timing circuit and said prediction means for switohing said selec- 

tion switch just before beginning of said assigned time slot for every assigned slots so that an antenna providing 
the best predicted receive signal qualify In assigned time slot is selected. 

(2) An antenna selection dh^ersify receiver system according to claim 1 , wherein said slope means is a drf- 



7 



EP 0 454 585 A1 

ferentiation circuit 

(3) An antenna selection diversity receiver system according to daim 1, wherein said slope means com- 
prises a subtractor for providing difference of two receive levels at different time for eacii antenna. 

(4) An antenna selection diversity receiver system according to daim 1, wiierein said first storage means 
5 and said second storage means are implemented by a digital register, and said slope means and said predictor 

means are implemented by a ROM. 

(5) An antenna selection diversity receiver system according to daim 1 • wherein said prediction means pre- 
dicts average error rate of each antenna in assigned time slot as said receive signal quality. 

(6) An antenna selection diversity receiver system according to daim 1 . wherein said prediction means pre- 
10 diets receive level of each antenna at the center of the assigned time slot as said receive signal quality. 

(7) An antenna selection diversity receiver system according to daim 1 , wherein said prediction means pre- 
dicts the minimum receive level of each antenna in the assigned time slot as said receive signal quality. 

(8) An antenna selection diversity receiver system according to daim 1, wherein more than three receive 
levels for each antenna are measured for prediction of receive quality in an assigned time slot 
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Fig, 3B 
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Fig, 3C 
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Fig, 7A 
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Fig. 7B 
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Fig. 9 
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